This paper examines how energy-output ratios in Fiji have responded to the energy crises and in particular if they have declined after the shocks. The expectation is that energy efficiency should improve after the oil shocks. For this purpose we used at first a few simpler procedures and then the recently developed tests for structural breaks by Perron (1998 and .
Introduction
Energy is an important input into the production of total output. Policies to improve its efficiency ha ve become important due to the four energy crises and also to reduce emission of the green house gases. The four energy crises have been due to the 1973 -1974 OPEC embargo, 1979 -1980 Iranian revolution, 1990 -1991 Gulf war and more recent ly due to a variety of reasons like the Iraq war since 2003, increased demand for energy by the rapidly growing economies of China and India, nuclear tests by North Korea and a potential threat due to Iran becoming a nuclear country. Therefore, it is useful to analyze if energy is used more efficiently by various countries. Two important factors that might have encouraged energy saving are the general rise in the relative price of energy caused by the shortages and various government incentives to encourage energy saving. The latter is more important because generally firms pass on to consumers increases in the unit costs of production and therefore increases in energy prices may not bring sufficient changes in the ir relative prices. Therefore, it is necessary to understand how energy-output ratios responded to energy crises and environmental needs. If the energy ratios did not decrease adequately, it is necessary to reduce them with appropriate policy measures.
The objective of this paper is to examine how energy-output ratios (EYRs hereafter) have responded to the oil shocks and in particular if they have declined after the shocks. For this purpose we shall use at first a few simpler procedures and then the recently developed tests for structural breaks by Perron (1998 and .
1 This paper is structured as follows. Section 2 presents a few summary statistics on various EYRs in
Fiji. In Section 3 we briefly formulate two measures of energy efficiency and examine if there have been structural breaks in these measures-first with a few simple techniques and then with the Bai and Perron tests. Finally in Section 4 conclusions and limitations of 1 Qu (2003 and 2006) have developed tests similar to the Bai-Perron tests, which are claimed to be more efficient in finite samples when partial structural break procedures are used. However, both types of tests have similar effic iency in pure structural break tests. Perron and Qu tests are computationally more demanding. Furthermore, in our subsequent estimates, partial structural break models did not perform well.
Therefore, we ignore the Perron and Qu tests in this paper. our paper are stated. A limitation of this study is that its scope is restricted to technical issues. These techniques are demanding and therefore, we have ignored the discussion on the policies to improve EYRs or estimate cointegrating equations.
Energy-Output Ratios and their Trends in Fiji
The main sources of energy for Fiji are: unleaded gasoline (ULP), automotive diesel (DIE1), industrial diesel (DIE2), gas (GAS), kerosene (KOIL) and electricity (ELECT).
Industrial diesel is the main input into electricity generation. However, electricity is also generated through a few hydro based systems 2 . The ratios of these energy sources to output are given in Figure 1 . Calculated from Energy Output Ratios given in Figure 1 .
Generally energy output ratios show a slight increase from 1970 to 2005 with the exception of ULP/Y which shows an almost constant trend for this period and KOIL/Y which shows a declining trend for this period.
The variation in energy output is the greatest for the auto diesel and the industrial diesel.
The industrial energy output ratio shows the highest positive correlation with the total output ratio. Each of the other categories of energy output ratio shows a positive correlation with the total output ratio with the exception of the kerosene output ratio which shows a negative correlation for this period.
.
Energy Efficiency and Structural Breaks
At the aggregate level a quick method to examine energy efficiency is to compute and plot the ratio of energy to GDP, or a similar output variable e.g., sectoral outputs like the industrial output, and examine how this ratio and its trend behaved before and after major oil shocks. This can be examined by regressing the log of energy-output ratio on a constant and a constant and time (T) as follows. off equipment and appliances to save energy and they cultivate this habit over time.
Nevertheless it is important to understand the differences between these two ways of modelling and their use. A stochastic trend needs a re-specification of (2), for example, as follows:
where ς is an error. This implies that the rate of growth of energy efficiency is a random walk i.e., ln(/). ttt EY ς ∆= If this is correct, ß in (2) should be insignificant. However, in practice there may be both stochastic and deterministic trend s in technology. Therefore, equation (2) which ignores deterministic trend may overestimate ß. Kaufman (2004) has an enlightening discussion of this issue. 3 His approach is also useful to analyse the determinants of the energy-output ratio and decompose the ir effects. If the trends in technology ha ve both deterministic and stochastic components, (2) can be expressed as: trend. Therefore, we believe that our procedure is a pragmatic option for determining structural breaks with a deterministic trend. 4 strong case for stochastic trends because models with deterministic trends are a limiting case with stochastic trends when the hyper-parameters (which allow for the level and slope of the trend to change) are equal to zero. Estimation with stochastic trends and tests for the convergence to zero of the variances of the relevant equations etc., calls for an entirely different approach and this is beyond the scope of the present paper. The method we have used to nest stochastic and deterministic trends is simple and similar to an approach used by Campbell and Mankiw (1989) to evaluate the Keynesian and permanent income hypotheses of consumption. Dimitropoulos, Hunt and Judge (2004) are one of the earliest to estimate energy models with stochastic trends. Several other models with stochastic trends are estimated by Hunt and his colleagues at the Surrey Energy Economics Center. However, in spite of Harvey's forceful arguments, time series models with deterministic trends are still widely used. This may be due to a valid belief that the effects of technological progress are unlikely to follow the smooth but non-linear trends estimated with stochastic trends. 4 Another option is to make ß a function of past accumulated values of (E/Y). A similar approach is used in some endogenous growth models based on learning by doing where the rate of technical progress is made a function of an autonomous and an induced component. Rao (2007) has used this approach to estimate the steady state growth rates in some newly industrialising Asian countries. Nevertheless, we do not claim that the deterministic versus stochastic trends issue is resolved with our arguments.
Having offered a justification for our approach, we proceed to examine the structural stability of equations (1) and (2) with a few alternative methods. For example the Chow test and the CUSUM tests etc., can be used for this purpose but the y do not satisfactorily indicate the break dates and in which direction the structural changes have taken place.
The stability of the parameters can also be examined by estimating with the recursive and/or rolling least squares. These two simple methods provide some preliminary but not rigorous insights into the stability of the equations. Therefore, it is necessary to use more formal techniques such as the Gregory and Hansen (1996) cointegration technique with a single structural break or the Perron (1998, 2003) tests with multiple structural breaks. The Gregory and Hansen test is actually a cointegration test with a single structural break at an unknown date and it is desirable to use it when equations (1) and (2) are augmented with some additional determinants of EYRs. Kaufman has developed a useful approach to estimate the cointegrating equations, but he did not test for structural breaks. In contrast our main purpose in this paper is to estimate the break dates and how these structural changes affected the parameters in equations (1) and (2) 
Plot of ß in Equation 2 with Rolling Least Squares with the Bands of 2 SEs
Results based on the application of the Bai and Perron method to equations (1) and (2) with (E2/Y) as the dependent variable, are in Table 2 (A, B, C and D) below. In Table   2A , estimates of equation (1) are given. In Tables 2B to Table 2D estimates of equation (2) without any constraints, followed by the restriction that the intercept is constant and then the slope is constant are reported. In all these tables the number of possible breaks has been restricted to 3 so that there are 4 regimes so that each regime has a reasonable number of observations. The break date is selected on the basis of SBIC, except in Table   2D , where the Sup F T (i+1|i) test result is used. The reason for this is that this test statistic was insignificant in all other estimates and therefore the SBIC is used. Although the SBIC criteria found only one break in Table 2D , the estimated parameters (not reported) are similar in magnitude to those reported in this table. Estimates of intercept for each regime (unrestricted) 1.750648 (1970-1983) [p-value: 0.000] 1. 094285 (1984-2005) [p-value 0.000]
Estimates of the coefficient of Trend for each regime (unrestricted) 0.020458 (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) [p-value 0.070] 0.031078 [p-value 0.000] R-Bar Square 0.478 1.645239 (1970-1983) [p-value 0.000] 1. 069712 (1984-1992) [p-value 0.000] 0.963060 (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) [p-value 0.000] Estimates of equation (1) in Table 2A imply that the intercept shifted up in 1999 and this does not correspond to any energy shocks and implementation of energy saving policy measures. This upward shift seems to be due to the cumulative effects of trend which is ignored in equation (1).
In Tables 2B to 2D , the break dates and the shifts in the parameters seem to be more plausible. All the 3 alternative estimates imply that the first break occurred during 1981-1983 which is after the second oil shock due to the Iranian revolution. Unrestricted estimates in Table 2B imply that while the intercept shifted down by about 47%, the trend has increased by 42%. These shifts imply that the log of energy-output ratio (LEYR), at the end of the first break in 1983, was 2.037060 which has immediately declined substantially, presumably due to the second oil crisis, to 1.125363 in 1984. However, LEYR has slowly increased since 1984 and reached a value of 1.778001 by 2005. This is about 26% energy saving since 1983 and Fiji seems has done well in saving energy.
In Tables 2C and 2D , constrained estimates of equation (2) are given. In Table 2C it is assumed that the intercept remains invariant but the slope may change between the regimes. The limitation of this assumption is partly reflected in an insignificant estimate of the coefficient of trend in the second regime covering the period 1981-1986.
Nevertheless, when the estimates of the coefficients of the first and third regimes are compared, there is evidence that there has been saving of energy since 1970-1980.
The energy-output ratio, implied for 1980 is 2.018364 which has declined by a modest 7% to 1.946449 by 2005. Qualitatively this is consistent with the findings based on Table   2B .
Results in Table 2D assume that trend remains constant but the intercept may change. It is difficult to say if this is a reasonable assumption prior to testing if the estimates of the intercepts and coefficients of trend in the unconstrained estimates of Table 2B are significantly different. However, it is the only estimate in which the Sup F test, based on the sequential estimates, is significant and we have used this test to select the break dates.
The first and second break dates in 1983 and 1991 correspond to the second (Iran revolution) and third (Gulf war) energy shocks. The reduction in the energy-output ratio is quite significant after the first break but seems to have increased by 2005 to almost its value in 1983. By the end of the first break in 1983 the log of energy-output ratio was 2.093908 and this has decreased by 23% to 1.863511 by the end of 1992. However, since then it has increased to 2.205528, a 34% increase, by the end of 2005. These results indicate that somehow the gains made in saving energy have disappeared after some time.
Since the conclusions from the unrestricted estimates in Table 2B imply that the energy output ratio has shown a decline, it is necessary to test if the estimated coefficients significantly differ in both regimes. Therefore, we have re-estimated equation (2) Table 2B should be preferred. For this reason we conclude that the efficiency with which energy is used in Fiji has increased by 26% since the second energy shock in 1983.
To conserve space detailed estimates of trend breaks in the other energy-output ratios are not reported. In Table 3 below only unconstrained estimates of equation (2) The energy shocks have improved the efficiency of ULP by a massive 63% mainly due the substitution of more energy efficient smaller cars and perhaps due to reductions in recreational trips. Improvement of energy efficiency in the transport industry is more modest at 18%. This is mainly because most of the goods are transported by road in Fiji and alternatives are virtually nil. The energy efficiency in the use of industrial diesel is substantial at 45%. This was mainly due to the decreased demand for diesel by the FEA because of good rain falls in the Wailoa basin hydro plant catchment areas. The output from this hydro plant has increased substantially since 1996 (with the exception of 2000)
by 10% in 1997. 
Conclusions and Limitations
This paper attempted to determine energy efficiency in Fiji Islands using data from 1970 to 2005. The period contains four major oil shocks. Using energy output ratios at the aggregate levels and the specific category energy use, we were able to establish that Fiji made significant energy efficiency gains in response to energy crises.
We have used the Bai-Perron structural break tests to find the break dates and estimate the intercept and slope parameters to determine efficiency gains. Our results sho w that in all cases energy output ratios declined by 2005 compared to the earlier periods. The total energy output ratios declined by 26%. The energy shocks have improved the efficienc y of ULP use by a massive 63%. The energy efficiency in the use of industrial diesel is substantial at 45%.
However, we need to mention two limitations of this paper. Firstly, the paper has dwelled on the technical aspects of estimation of structural breaks. Second, we have ignored the discussion on the policies to improve EYRs and/or estimate the cointegrating equations. 
